shell-closure for 78 Ni. These data constitute an important step towards the understanding of the magicity of 78 Ni and of the structure of nuclei in the region. Shell structure characterizes several many-body systems of fermions moving in a common potential, such as atomic electrons, metal clusters and nuclei. Angular momentum quantization induces a bunching of the single-particle states, resulting in shells separated by energy gaps. In the nuclear medium, such shell gaps are revealed by nuclei with neutron and proton numbers corresponding to closed-shell configurations. The properties of these so-called magic nuclei and of their neighbors, which were cardinal to the development of the nuclear shell model, could only be reproduced when the role played by the nuclear spin-orbit interaction was recognized [1] .
In recent years, experiments with radioactive ion beams have shown that in some neutron-rich nuclei well-established shell closures can vanish, and new magic numbers appear [2, 3] . The challenge to explain and predict the size of shell gaps away from beta stability has led to considerable progress in nuclear physics, both experimentally and theoretically. Despite some remarkable steps forward in describing the evolution of shell structure, e.g. the inclusion of the tensor interaction [4] and three-body forces [5, 6] , rare-isotope data are still essential to test and guide theoretical advances. Nuclei away from the valley of beta stability with magic numbers of neutrons and protons, and isotopes in their vicinity, have become new cornerstones for the development of a reliable theoretical picture of all nuclei.
The region of isotopes near 78 Ni is the focus of intense experimental and theoretical research (cf., for example, [7] [8] [9] [10] [11] [12] Single-nucleon transfer reactions are a very sensitive technique to populate single-particle states and to investigate the structure of the isotopes produced [16] [17] [18] [19] with a UC x target. 78 Zn atoms were laser ionized using the RILIS set up [22] , mass separated, and post-accelerated by the REX-LINAC to 2. target, permitted to confirm weak coincidences observed in the thin-target data. The reaction was studied using the segmented T-REX array of Si telescopes [23] , and eight triple-cluster HPGe detectors of Miniball [24] , which surrounded the T-REX scattering chamber. The coincident detection of light charged particles and γ rays led to the identification of states which could not be resolved using only the proton data. Furthermore, the charged-particle data constrained the placement of states in the level scheme which would have been ambiguous from the γ -ray data alone.
In Fig. 1 (a) [17] , in which only neutron orbits above the N = 82 gap were populated. Fig. 1 (a) reveals that the lowest-lying states which are strongly populated via transfer are found near 1 MeV. This observation is important, since the position of the excited states based on neutron orbits above the N = 50 shell reflects the gap size. As with γ -rays, the intensity of the first peak decreases significantly more than that of the two higher-lying peaks. This observation suggests the presence, in the excitation-energy range of the first peak, of one or more states which are too long lived (more than few nanoseconds) for their decay(s) to be detected in flight.
The γ rays emitted by 79 Zn were identified by requiring a coincidence with the protons ejected in the neutron-transfer reactions. The Doppler-corrected γ -ray energy spectrum is shown in Fig. 2 (a) . Fig. 1 (b) and (c) are examples of excitation-energy spectra of 79 Zn gated by individual γ rays. Similarly, Fig. 2 (b) shows that only the 441-and 983-keV lines are still clearly visible if the 79 Zn excitation energy is restricted to the lowest peak of Fig. 1 (a) (from 0.8 to 1.7 MeV). Such spectra, together with observed γ coincidences, such as those presented in Fig. 3 , proved essential to place the main transitions in the level scheme. No other γ ray was observed below 0.8-MeV excitation energy. It should also be noted that the γ -ray detection efficiency drops drastically below 120 keV. Fig. 3 shows that both the 441-983-keV and the 236-1859-keV pairs were each found to be coincident. The partial level scheme of 79 Zn deduced in this work is presented in Fig. 4 . According to measured intensities and coincidence relations, the 983-keV state decays directly to the ground state, and it is fed by the 441-keV transition. Since the 983-keV transition is prompt, despite a low energy tail, its multipolarity can only be dipole or quadrupole. If the tail is due to the lifetime of the 983-keV state, and not to unobserved feeding, it suggests a lifetime of the order of few hundred picoseconds, with multipolarity E2 or M2. A slow E2 (0.05 < B(E2) < 0.2 W.u.) seems much more likely. An M2 character would in fact require this lowlying and strongly populated state to be a 5/2 − state, correspond- The direct and indirect feeding to the 983-keV state, which makes its ground-state decay the most intense transition in the spectrum, supports a 5/2 + assignment. The DWBA analysis discussed below confirms the 5/2 + assignment deduced from the γ -ray analysis.
In the case of the 1424-keV state, the prompt character of the 441-keV transition, the coincidence between the 983-and 441-keV γ rays and the unobserved crossover ground-state transition favor a spin 3/2 + or 5/2 + . Few additional weak transitions, of 888, 1774 and 2321 keV, were tentatively placed in the level scheme: their γ -ray-gated excitation energy spectra in fact exhibit a peak respectively at 2.35(15), 3.30(15) and 3.45(15) MeV, compatible with a direct feeding to either the 1424-or the 983-keV states. For the 888-keV transition, this placement is also supported by the observed coincidence with the 441-keV transition.
The analysis of the 236-and 1859-keV single-γ -ray-gated excitation energy spectra, shown in Fig. 1 (c) , is key to positioning the 236-keV transition in the level scheme. A peak at ∼3.20(15) MeV can be seen in both spectra (blue and red in the figure), but only the 236-keV gate shows also a peak at 2.65(15) MeV, where the large uncertainty is due to the Si-detector resolution (the thin red peak appearing at 2.6 MeV in the 1859-keV gated spectrum is not statistically significant). Their observed coincidence implies that the 236-keV lies below the 1859-keV γ ray (otherwise no peak could appear also at 2.65 MeV excitation energy). Hence, the 236-keV transition must be the decay of a state with energy at least as low as the difference between the 3.2 MeV excitation energy and the 1859-keV γ ray, i.e. 1.34(15) MeV. In Fig. 1 (c) , however, no peak appears around or below 1.3 MeV, which means that the state at ∼1.34 MeV is not (or too weakly) populated in the direct reaction and only fed from higher-lying states. The prompt character of the 236-keV transition implies that it has E1 or M1 multipolarity. The position of the 1185-keV transition was deduced from its γ -gated excitation energy and the coincidence with the 236-keV γ ray.
From the unobserved coincidence with the 983-keV transition it follows that the 236-keV γ ray feeds an isomeric state lying approximately at 1.10(15) MeV. Proton angular distributions, which are characteristic of the angular momentum transfer, , provide a strong argument to identify this 1.10(15)-keV state with a 1/2 + state.
The measured proton angular distributions were compared to DWBA calculations performed with the codes FRESCO [26] and TWOFNR [27] using global optical model potentials from Refs. [28, 29] . For the neutron bound-state potential, the radius and diffuseness parameters were 1.25 and 0.65 fm, respectively. Experimental spectroscopic factors (SF) were determined from the ratio of experimental and DWBA cross sections, which were calculated for SF = 1. The low beam energy leads to appreciable differences in the DWBA distributions calculated using different optical-modelpotential parameterizations. Additional fits were therefore also performed using different parameters from Refs. [30] [31] [32] [33] , and varying the bound-state radius parameter from 1.20 to 1.30. The systematic uncertainties amount to approximately 20-25% variation in the calculated SFs. It should be remarked however that the arguments based on the analysis of angular distributions do not depend on the chosen parameterization.
Illustrative angular distributions are shown in Fig. 5 (a) and (b). In both cases, the excitation energy of 79 Zn was restricted to the lowest peak of Fig. 1 (a) . The data in Fig. 5 (a) were not gated on any γ -ray line, and are poorly fitted by any single transfer. These data are instead well described by a sum of Fig. 4 ). The large amount of feeding from higher lying states favors a positive parity, but a negative parity cannot be excluded. It is instructive to compare the 5/2 + -state energy, 983 keV, with state-of-the-art shell-model calculations [12] . The large shellmodel space includes the proton orbits p 1/2 , p 3/2 , f 7 2 and f 5/2 , and the neutron orbits p 1/2 , p 3/2 , f 5/2 , g 9 2 and d 5/2 , which lies above the N = 50 shell gap. Details about the interaction can be found in Refs. [12, 34] . As it can be seen in The equivalent lifetime, 240 ps, is compatible with the observed tail of the 983-keV transition. Fig. 6 shows that the calculations also reproduce reasonably well the evolution of the N = 50 gap deduced from 2-neutron separation energies [14, 21] , with a minimum at Z = 32 and a larger gap in zinc than in germanium, although the experimental gap size in these two isotones is 450 keV smaller. 
